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(57)Abstract: 

PROBLEM TO BE SOLVED: To lower the ink ejection 
voltage while stabilizing the flying characteristics of ink 
by arranging an ink ejecting part such that a dielectric 
ejection member is assisted by an assisting member, a 
coating member is arranged to hold the ejection member 
between and an ejection electrode is wrapped in the 
coating member. 

SOLUTION: An ink ejection cell 3 comprises ejection 
electrodes 31 arranged on the opposite sides of a 
dielectric ejection member 32. The ejection member 32 
is formed on an assisting member 19 of polyimide, or the 
like, by production process of ink jet recording head 
while projecting from the end face of an insulating 
substrate 1 7 in order to enhance the field at the forward 
end thereof and the ejection electrodes 31 is wrapped in 
the coating member 4. More specifically, the gap 
between the adjacent ink ejection cells 3 is filled with 
the coating member 4. According to the structure, the 
ink ejection voltage can be lowered while stabilizing the 
flying characteristics of ink. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision 
of rejection] 



Searching PAJ 



2/2 ^-v 



[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 



JP.2000-255066A [CLAIMS] 



1/1 ^-v? 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The ink jet recording head which has two or more ink discharge parts which carry out 
the regurgitation of the ink which contained the pigment in the solvent, With the ink tank which 
stores said ink, and the power supply section impressed by the ink discharge part in order to 
carry out the regurgitation of said ink It has the grid electrode arranged between the 
counterelectrode which countered said ink discharge part and has been arranged, and said ink 
discharge part and said counterelectrode. Said ink discharge part The ink jet recording device 
which has the discharge part material which is a dielectric, the auxiliary member which assists 
said discharge part material, the coat member arranged on both sides of said discharge part 
material, and the electrode for regurgitation with which it is connoted by said coat member and 
an electrical potential difference is impressed from said power supply section. 
[Claim 2] It is the ink jet recording apparatus with which said grid electrode is grounded in the 
ink jet recording apparatus of claim 1. 

[Claim 3] It is the ink jet recording device which has the switch section as which said grid 
electrode chooses touch-down and connection with said power supply section in the ink jet 
recording device of claim 1. 

[Claim 4] It is the ink jet recording apparatus which is the conductor with which said electrode 
for regurgitation had the insulating thin film covered in a claim 1 ink-jet recording apparatus. 



[Translation done.] 
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1 This document has been translated by computer. So the translation may not reflect the original 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the ink jet method recording head 
equipment which is made to breathe out the pigment system ink containing the electrified 
coloring-material particle on a record medium according to electrostatic force, and prints it with 
respect to ink jet method recording head equipment. 
[0002] 

[Description of the Prior Art] The equipment which is made to breathe out on a record medium 
by making the ink of a liquid into a small drop, forms a record dot, and records an image is put in 
practical use as an ink jet printer. Since this ink jet printer has little noise, and is directly 
recorded on a record medium compared with other recording methods and it has the advantage 
with a printer realizable with the number of components smaller than other recording methods, it 
attracts attention as a regular paper record technique. As a recording method of an ink jet 
printer, the method (for example, JP,53-12138,B) of making an ink droplet breathe out with the 
mechanical pressure accompanying the volume change generated by distortion of an approach 
(for example, JP,56-9429,B) or a piezoelectric device which makes an ink droplet breathe out by 
the pressure of the air bubbles generated with the heat of a heating element etc. has so far been 
devised. By two above-mentioned methods, since the discharge quantity of an ink droplet to the 
record dot of each on a record medium is fixed, in printing of a color picture, the roughness and 
fineness between record dots are changed spatially, and the false gradation expression is 
performed, however, high [ equivalent to a photograph by this gradation expression approach ] — 
it is difficult to print a gradation color picture, more — high — in order to print a gradation 
image, the gradation expression by the so-called area modulation to which the area of a record 
dot is changed is needed. However, since the discharge quantity of an ink droplet is fixed, the 
gradation expression by the area modulation is very difficult in two above-mentioned methods. 
[0003] As a recording method which conquers this fault, the electrical potential difference was 
impressed to two or more electrodes arranged by juxtaposition on the substrate, and the method 
which makes the coloring-material particle in ink or ink breathe out using electrostatic force was 
devised. It is the method and Patent Publication Heisei 7-502218 which make ink specifically 
breathe out with an electrostatic suction force as indicated by JP,56-4467,A. The method which 
makes the concentration of a coloring-material particle raise and breathe out using the ink 
containing the coloring-material particle charged as indicated by the number official report is 
proposed. As a concrete configuration of the ink jet method recording head in the latter method 
[ whether the multi-head which is made to carry out the laminating of the insulating electrode 
substrate with which the electrode for ink regurgitation was formed on one side through a 
spacer, and has two or more discharge electrodes is constituted, and ] Or it is made to form in 
juxtaposition as a thin film electrode at intervals of printing of the resolution of a request of the 
electrode for ink regurgitation on a plate-like insulating substrate, and the approach of 
constituting this as a multi-head is learned. The bias voltage of about 1.5-2.0kV is impressed to 
all the electrodes for ink regurgitation in common, and when making ink breathe out, the pulse 
voltage of for example, 300-500 (V) extent is made to superimpose on the corresponding 
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electrode for ink regurgitation by this method. Here, it is the advantage of this method by 
changing the width of face of a pulse voltage that the discharge quantity of ink can be controlled 
and the area of the record dot formed on a record medium can be controlled. 
[0004] By the way, it is necessary to control the on-off control action of the high tension of the 
shape of a pulse which was mentioned above in the quite quick cycle so that a printing cycle 
calls it 4-10 (kHz) in actual printing actuation. Furthermore, since such actuation must be 
controlled to juxtaposition to all the electrodes for ink regurgitation put in order by juxtaposition, 
the dedication IC for high-tension actuation will be used for the control circuit of a pulse 
voltage. However, since the price of IC for high-tension actuation will become high rapidly if the 
magnitude of the electrical potential difference to control becomes more than 300 (V), there is a 
problem that the price of the body of a printer will also become expensive. The configuration 
which arranges the grid electrode which has the slit of the shape of a hole which an ink droplet 
passes between the counterelectrodes put on the location which faces the electrode for ink 
regurgitation and this in JP,9-234870,A as invention which solves such a problem is indicated. 
Moreover, in JP.10-128979A it is indicated about the approach of attaining stabilization of flight 
of ink in the same configuration. Two or more electrodes for ink regurgitation are arranged in in 
an ink jet method recording head by juxtaposition by the fixed array pitch at JP,10-128979,A. 
The plate-like counterelectrode is arranged in the location which only the distance in alignment 
with a longitudinal direction separated from the head of the electrode for ink regurgitation, and 
the record medium is placed on the counterelectrode. Between the electrode for ink 
regurgitation, and the counterelectrode, the grid electrode equipped with two or more slits is 
placed. The grid electrode is grounded (0V). The 2nd bias power supply is connected to a 
counterelectrode, and it is made for the potential of said counterelectrode to become low rather 
than the potential of a grid electrode here. Consequently, since, as for the ink droplet breathed 
out from the electrode for ink regurgitation, Hazama of a grid electrode and a counterelectrode 
also exercises in response to the force by electric field, flight is stabilized. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, in the two above-mentioned patent 
official reports, although the conductor by which it was covered with the conductor or the thin 
film of an insulating material as an ink discharge part in any case is used, when the electrode 20 
for ink regurgitation and ink 6 in which high tension was impressed contact directly, a chemical 
reaction causes corrosion and deterioration of said electrode 20 front face for ink regurgitation, 
and there is a possibility that the configuration of a discharge part may change. Therefore, there 
is a problem which changes the diameter of a dot of the ink breathed out. On the other hand, 
since the potential difference by bias voltage Vb1 exists between the electrode 20 for ink 
regurgitation, and a grid electrode with the configuration of JP,10-128979,A when an insulating 
thin film is covered to the electrode 20 for ink regurgitation, in the head of said electrode 20 for 
ink regurgitation, an insulating thin film will always receive the stress by electric field. Since 
there is a possibility that degradation with the passage of time in the activity over a long period 
of time may advance quickly with such a configuration, it has the problem that the life of an ink 
discharge part can seldom expect. 

[0006] While this invention is made in view of the problem mentioned above and attaining low- 
battery-izing of an ink regurgitation electrical potential difference, and stabilization of an ink 
flight property, it aims at realizing the ink regurgitation by which degradation of an ink discharge 
part was stabilized over the long period of time few. 
[0007] 

[Means for Solving the Problem] In order to attain the object mentioned above, in this invention 
The ink jet recording head which has two or more ink discharge parts which carry out the 
regurgitation of the ink which contained the pigment in the solvent, With the ink tank which 
stores said ink, and the power supply section impressed by the ink discharge part in order to 
carry out the regurgitation of said ink It has the grid electrode arranged between the 
counterelectrode which countered said ink discharge part and has been arranged, and said ink 
discharge part and said counterelectrode. Said ink discharge part It was connoted by the 
discharge part material which is a dielectric, the auxiliary member which assists said discharge 
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part material, the coat member arranged on both sides of said discharge part material, and said 
coat member, and the configuration which has the electrode for regurgitation with which an 
electrical potential difference is impressed from said power supply section is taken. 
[0008] Since discharge part material is a dielectric, the corrosion and deterioration of a 
discharge part material front face by the chemical reaction with ink are controlled, and 
deformation of a discharge part material head can be reduced also in the activity over a long 
period of time. 

[0009] Moreover, as for this invention, a grid electrode can prevent the unnecessary ink 
regurgitation in the period which does not fly ink, such as the quiescent time, by having the 
switch section which chooses touch-down or connection with said power supply section. 
[0010] 

[Embodiment of the Invention] The example of this invention is concretely explained based on a 
drawing. 

[001 1] Drawing 5 shows one example of a configuration of the printer using the ink jet method 
recording head 1 in connection with this invention. The coloring-material particle to which the 
ink 6 used by the printer in connection with this invention was charged in the organic solvent is 
distributed. Ink 6 is attracted from the ink tank 12 by pump 13a for supply, and is supplied to said 
recording head 1 through ink circuit 14a. Said ink 6 is supplied to said recording head 1 through 
the ink installation way 15 of Hazama of said ink circuit 14a and recording head 1, and flows the 
inside of said recording head 1 in the direction of [ lower ] from on in drawing. Two or more 
arrays of the ink regurgitation eel 3 are carried out by the array pitch fixed to juxtaposition in 
the main scanning direction (the direction of arrow-head A in drawing) of printing at said ink jet 
method recording head 1. The pulse power source 9 according to individual and the common bias 
power supply 8 are connected to each ink regurgitation eel 3. Moreover, the control signal from 
the actuation circuit 1 1 is connected to said pulse power source 9, and impression of the 
electrical potential difference to said ink regurgitation eel 3 is controlled by transmitting a 
control signal to each pulse power source 9 independently according to the printing data sent 
from a personal computer etc. From said pulse power source 9, from said ink regurgitation eel 3 
to which the electrical potential difference was impressed, the electrified coloring-material 
particle (it does not show clearly all over drawing) currently distributed in said ink 6 by the 
electric field near the head of said ink regurgitation eel 3 condenses, and the condensed 
coloring-material particle is breathed out toward the grounded counterelectrode 2. 
Consequently, the dot by the floe of a coloring-material particle is formed in the record medium 
5 on said counterelectrode 2, and printing is performed. Thus, after printing for one line of a main 
scanning direction is completed, a record medium 5 is moved in the direction of vertical scanning 
(the direction of arrow-head B in drawing) by one dot pitch of printing resolution by the 
conveyance device which is not specified all over drawing. And the following printing for one line 
is started. Printing for 1 page is performed by repeating such a printing activity in the printing 
area on a record medium 5. The coloring-material particle which remained in the point of the ink 
regurgitation eel 3, without being consumed in an ink regurgitation process at the time of a 
printing activity is passed from the point of said ink regurgitation eel 3 with circulating flow to 
the rear face of a recording head 1. The ink 6 which flowed to the rear face of said recording 
head 1 is attracted from the ink derivation way which is not specified all over drawing by pump 
13b for recovery, and flows into ink circuit 14b. Said ink 6 which flows said ink circuit 14b is 
returned to said ink tank 12, and is again used for printing. What is necessary is just to make it 
the printer configuration which equipped juxtaposition with two or more ink jet method recording 
heads 1 for printing each ink of yellow (Y), a Magenta (M), cyanogen (C), and black (K) in 
multicolor printing like a color picture to the direction of vertical scanning of printing, although 
the procedure mentioned above is about printing of only one color. 

[0012] Drawing 2 (a) is the plan showing the basic structure of the recording device using the 
1st ink jet method recording head 1 in connection with an example and said ink jet method 
recording head 1. Said ink jet method recording head 1 has the composition of having kept 
spacing of 250 (micrometer) and having arranged the ink regurgitation eel 3 in juxtaposition in the 
main scanning direction of printing as shown in drawing 2 (a). Drawing 2 (b) is the perspective 
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view of one ink regurgitation eel 3 in said ink jet method recording head 1 in connection with the 
1st example. Said ink regurgitation eel 3 consists of electrodes 31 for regurgitation arranged at 
both the sides focusing on the discharge part material 32 and said discharge part material 32. 
The opening of 20 (micrometer) is formed between said electrodes 31 for regurgitation and said 
discharge part material 32, and this opening serves as ink passage. This ink passage sucks up 
the ink 6 supplied in the recording head 1 through ink circuit 14a shown in drawing 5 by 
capillarity in the direction of a head of the discharge part material 32, and said ink 6 always wets 
the head of said discharge part material 32. Moreover, the ink regurgitation eel 3 is formed on 
one insulating substrate 17 covered with the insulating thin film member 18. Glass is used for 
said insulating substrate 17, and organic thin films, such as polyimide, are used for said insulating 
thin film member 18. Here, by covering a substrate with high (about epsilons =7-10) specific 
inductive capacity like glass with a thin film with low (about epsilons =3.4) specific inductive 
capacity like polyimide, in case the regurgitation of the ink in the condition of having condensed 
is carried out, it can prevent the degree of concentration of the electric field in the head of the 
discharge part material 32 falling. Said discharge part material 32 is formed on the auxiliary 
member 19 in the production process of the ink jet method recording head 1. Polyimide etc. is 
used for said auxiliary member 19. The construction material of the discharge part material 32 is 
also dielectric materials, may use organic materials, such as polyimide, and may use an inorganic 
material like silicon nitride (Si3N4), for example. [ as well as / for example, / said auxiliary 
member ] Moreover, the head of the discharge part material 32 is carrying out 50-200 
(micrometer) extent projection from the end face of said insulating substrate 17, for example so 
that the electric field in the point may be strengthened. On the other hand, the electrode 31 for 
regurgitation has the structure where it was connoted in the coat member 4. As shown in 
draw in g 2 (a), one coat member 4 has connoted every one electrode 31 for regurgitation 
belonging to the adjoining ink regurgitation eel 3. That is, between the adjoining ink regurgitation 
eels 3 has structure filled up with the coat member 4. The field strength for the point of the 
electrode 31 for regurgitation is comparable as a part for about 1-2 (MV/m) and the point of the 
discharge part material 32. Therefore, when ink 6 is filled around the electrode 31 for 
regurgitation, there is a possibility that ink 6 may breathe out, from a part for the point of the 
electrode 31 for regurgitation. Then, it has prevented ink 6 permeating by filling up the perimeter 
of the electrode 31 for regurgitation with the coat member 4. Moreover, in drawing 2 (a), the 
counterelectrode 2 is formed in the location distant from the head of said discharge part material 
32 1 (mm) grade along with the longitudinal direction of the discharge part material 32, and the 
record medium 5 is placed on said counterelectrode 2. It is fixed bias voltage-Vacc by the 
reason later mentioned to said counterelectrode 2. The power source 10 for drop acceleration 
for impressing is connected. Moreover, between said recording heads 1 and said 
counterelectrodes 2, the grid electrode 7 which has two or more slits 71 is arranged, and said 
grid electrode 7 is grounded (0V). Drawing 3 is the perspective view having shown the 
arrangement relation between the grid electrode 7 and a recording head 1. The slit 71 is formed 
so that it may correspond to 1 to 1 by the array pitch same on said grid electrode 7 as the ink 
regurgitation eel 3. Said grid electrode 7 is the metal plate of the thickness of 50-100 
(micrometer), it is held by the supporter material 16 with said recording head 1, and the distance 
of Hazama of said recording head 1 and said grid electrode 7 is kept constant. Said slit 71 is 
formed in said grid electrode 7 by approaches, such as an electron discharge method and 
etching. Or with electrocasting (electroforming), by the approach of forming a slit 71, there is no 
overhanging (mustache by etching) in the part of the edge of a hole, and it becomes processible 
[ a higher precision ]. In drawing 5 , it is sent to the transverse plane of a recording head 1 
according to the carriage which a record medium 5 does not specify all over drawing on a 
counterelectrode 2, and the ink 6 breathed out from said recording head 1 is printed. As 
mentioned above, the pulse power source 9 used in order to make the common bias power 
supply 8 and the ink 6 for assisting the regurgitation of ink 6, respectively breathe out is 
connected to one pair of electrode 31 for regurgitation in said two or more ink regurgitation eels 
3. When printing on a record medium 5 in this invention, a printing signal is given to said pulse 
power source 9 linked to said ink regurgitation eel 3 applicable to the location of the dot which 
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should be printed in one line from the actuation circuit 11. Consequently, said ink 6 in which the 
coloring-material particle simultaneously charged independently from discharge part material 32 
heads in said ink regurgitation eel 3 linked to said all pulse power sources 9 to which the printing 
signal was given was condensed is breathed out, and it is printed on a record medium 5. 
[0013] In the configuration which inserted the grid electrode grounded between the ink-jet 
method recording head and the counterelectrode to which negative bias voltage was impressed 
(0V), said ink-jet method recording head has the description of this invention in it being the 
structure which arranged the ink regurgitation eel which consisted of discharge part material of 
the dielectric inserted between one pair of electrodes for regurgitation, and these electrodes for 
regurgitation at the predetermined spacing on the insulating substrate in the main scanning 
direction. In the configuration mentioned above, not only a pulse voltage but bias voltage can 
specifically be low-battery-ized. It adds to the stability of flight of the drop of ink 6 until it 
passes a grid electrode and reaches the record medium on a counterelectrode being 
maintainable. Compared with the case where it is the conductor with which the discharge part 
covered the insulating thin film, there is no deformation of the point by degradation at the time 
of paths, such as exfoliation of a coating, and the regurgitation of the ink stabilized over the long 
period of time is obtained. This reason is hereafter explained to a detail. 
[0014] Drawing 4 (a) is the block diagram of the experimental device for measuring the ink 
regurgitation starting potential at the time of using a grid electrode. Here, one needlelike 
electrode 25 was used as substitution of the ink jet method recording head 1 of a multi-head 
configuration. The needlelike electrode 25 is the shape of cylinder tubing of an outer diameter 
460 (micrometer) and a bore 250 (micrometer), and ink 6 is supplied in tubing of said needlelike 
electrode 25 from the ink tank 12. Moreover, the 1st source 23 of high tension is connected to 
the needlelike electrode 25, and the electrical potential difference Vej for making ink 6 breathe 
out from the head of said needlelike electrode 25 is impressed. On the other hand, the 2nd 
source 24 of high tension is connected to the grid electrode 7, and the electrical potential 
difference Vgrid for making the regurgitation of ink 6 easy is impressed. In this experiment, 
applied voltage from the 1st source 23 of high tension to the needlelike electrode 25 was 
gradually made high from 0 (V), and the applied-voltage value of the 1st source 23 of high 
tension when the dot in ink 6 begins to be formed in the record medium 5 on the 
counterelectrode 2 grounded (0V) was made into the ink regurgitation starting potential Vej. At 
this time, the ink regurgitation starting potential Vej was measured, respectively about the case 
where three parameters of the applied voltage Vgrid to Hazama's distance Dgrid and grid 
electrode 7 of the needlelike electrode 25 and the grid electrode 7 and the path Wgrid of a slit 71 
are changed. Drawing 4 (b) is the graph which plotted the measurement result of the ink 
regurgitation starting potential Vej at the time of changing the above-mentioned parameter in 
connection with the grid electrode 7 to the distance Dgrid between grid electrode-regurgitation 
points. Here, a round head (-) and a triangle (black triangle) are the cases where the paths Wgrid 
of a slit 71 are 900 (micrometer) and 600 (micrometer), respectively. Moreover, the measurement 
result at the time of setting the applied voltage Vgrid to the grid electrode 7 as 0 (V), 400 (V), 
and 900 (V) is shown in the graph. Moreover, the horizontal line near 1.4 (kV) shows the value of 
ink regurgitation starting potential in case there is no grid electrode 7 in the graph. The graph of 
drawing 4 (b) shows that the ink regurgitation starting potential Vej becomes low, when the 
distance Dgrid between grid electrode-regurgitation points becomes narrow. Furthermore, it 
turns out that the ink regurgitation starting potential Vej becomes low as the applied voltage 
Vgrid to the grid electrode 7 becomes low. These results are because it is influenced, the 
electric potential gradient, i.e., the electric field, at needlelike electrode 25 head, in order that 
surrounding potential distribution at needlelike electrode 25 head may change with the potential 
of the grid electrode 7. And the needlelike electrode 25 and the grid electrode 7 show that it 
influences each other so strongly that both distance is near. Therefore, since the electric field at 
needlelike electrode 25 head are strengthened so that the applied voltage Vgrid to the grid 
electrode 7 is so low that the distance Dgrid between grid electrode-regurgitation points is 
narrow, it is shown that ink begins to breathe out also on a low electrical potential difference. 
Moreover, also in which value of the applied voltage Vgrid to the grid electrode 7, when the path 
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Wgrid of a slit 71 is 900 (micrometer) and the case (black triangle) where it is (-) and 600 
(micrometer) is compared, when the direction in Wgrid=600 (micrometer) (black triangle) is 
Wgrid=900 (micrometer), it turns out that the ink regurgitation starting potential Vej is lower than 
(-). Since a relative distance with grid electrode 7 and needlelike electrode 25 point narrows 
when the path Wgrid of a slit 71 becomes small, this shows that electric field are strengthened. 
Although the above measurement result is a result in case the discharge part of ink 6 is a 
conductor, it is thought that a result with the same said of the ink regurgitation eel 3 which the 
discharge part uses for this example is obtained. Therefore, by grounding the grid electrode 7 like 
drawing 2 (a) in this example (0V), in order to make ink 6 breathe out, the electrical potential 
difference impressed to the electrode 31 for regurgitation in the ink regurgitation eel 3 can be 
low-battery-ized to about 800-900 (V). This means that bias voltage of bias power supply 8 can 
be made into VB =600-700(V), when driving the pulse power source 9 in dra wing 2 (a) by pulse- 
voltage **** =200(V). Although a power source module will be used as a concrete gestalt of bias 
power supply 8, the power source module made to generate the electrical potential difference of 
above-mentioned extent has the advantage that it is small and lightweight compared with the 
thing more than 1 (kV). 

[0015] When the grid electrode 7 is also grounded (0V), electric field stop by the way, existing 
between the grid electrode 7 and a counterelectrode 2, where a counterelectrode 2 is grounded 
(0V). So, after passing the grid electrode 7, the drop of ink 6 will carry out inertia motion until it 
reaches the record medium 5 on a counterelectrode 2. When the drop of ink 6 carries out inertia 
motion, the rate of a drop will decline gradually by air resistance. If the drop of ink 6 is 
continuously breathed out at short spacing from the ink regurgitation eel 3 in actual printing in 
many cases and the drop of two or more ink 6 in such the condition carries out inertia motion, 
the rate of the preceded ink droplet will decline and distance with a consecutive ink droplet will 
be shortened. Consequently, there is a possibility that it will interfere between the drops of ink 6, 
or a drop may combine in being the worst. The probability for the distance of the ink 
regurgitation eel 3 and a counterelectrode to generate such a problem as it becomes large 
becomes high. Then, as shown in drawing 2 (a), the power source 10 for drop acceleration is 
connected so that negative bias voltage may be impressed to a counterelectrode 2. Drawing 1 is 
drawing showing the situation of change of the potential from discharge part material 32 heads in 
the ink regurgitation eel 3 in the configuration mentioned above to a counterelectrode 2. Since 
electric field occur between the grid electrode 7 and a counterelectrode 2 according to the 
power source 10 for drop acceleration, the drop of ink 6 will receive accelerated motion by 
electric field. So, association and interference between drops can be prevented. For example, if 
thickness of 100 (micrometer) and the grid electrode 7 is set to 100 (micrometer), since the 
distance of the grid electrode 7 and a counterelectrode 2 will be set to 800 (micrometer) in it, 
the distance of the discharge part material 32 and the grid electrode 7 Electrical-potential- 
difference-Vacc impressed to a counterelectrode 2 If -80 (V) is impressed as a concrete value, 
the field strength of Hazama of the grid electrode 7 and a counterelectrode 2 will be set to 100 
(kV/m). As electric field which accelerate the drop of ink 6, magnitude of this level is enough. 
[0016] On the other hand, with the conventional technique, as mentioned above in this example 
to having used the metal which covered the insulating thin film in the discharge part of ink 6, the 
dielectric of a bulk member is used for the discharge part of ink 6. To the case where it is the 
metal with which the discharge part of ink 6 covered the insulating thin film, when the discharge 
part of ink 6 is the dielectric of a bulk member, possibility that the problem of the deterioration 
and corrosion of a discharge part material front face by the chemical reaction with the coloring- 
material particle in the ink 6 under high electric field will arise becomes very low. So, since 
generating of the problem that the configuration at the head of discharge part material deforms 
by change at the time of a path can be extremely suppressed now, the dependability of a 
recording head becomes high. 

[0017] As mentioned above, while becoming possible to use the cheap high-tension actuation IC 
for the actuation circuit for pulse-voltage control when not only the pulse voltage for the ink 
regurgitation but bias voltage can attain low-battery-ization by this example, a thing small at a 
low price and lightweight can be used for the power source module for bias voltage. 
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Consequently, printer equipment small at a low price and lightweight can be offered. Moreover, 
by the configuration which impresses negative bias voltage to a counterelectrode 2, since the ink 
droplet which flies toward a counterelectrode 2 always receives the accelerated motion by 
electric field from the discharge part material 32, the problem of association and interference 
between drops can be prevented, and stabilization of the flight condition of the drop of ink 6 can 
be attained. Furthermore, possibility that the problem of the deterioration and corrosion of a 
discharge part material front face by the chemical reaction with the coloring-material particle in 
the ink 6 under high electric field will arise can be made very low by using a bulk member 
dielectric for the discharge part of ink 6. Consequently, it becomes easy to be able to attain 
reinforcement of recording head equipment and to maintain the ink regurgitation property by 
which the recording head was stabilized also in the activity over a long period of time. 
[0018] Next, the 2nd example in this invention is explained. Dr awi ng 6 is the plan showing the 
basic structure of the recording device using the 2nd ink jet method recording head 1 in 
connection with an example and said ink jet method recording head 1. Said ink jet method 
recording head 1 has the composition of having kept spacing of 250 (micrometer) and having 
arranged the ink regurgitation eel 3 in juxtaposition in the main scanning direction of printing on 
an insulating substrate (it does not show clearly all over drawing). Said ink regurgitation eel 3 
consists of electrodes 31 for regurgitation arranged at both the sides focusing on the discharge 
part material 32 and said discharge part material 32. The opening of 20 (micrometer) is formed 
between said electrodes 31 for regurgitation and said discharge part material 32, and this 
opening serves as ink passage. This ink passage sucks up the ink 6 supplied by capillarity in the 
recording head 1 in the direction of a head of the discharge part material 32, and said ink 6 
always wets the head of said discharge part material 32. The construction material of the 
discharge part material 32 is dielectric materials, for example, may use organic materials, such as 
polyimide, and may use an inorganic material like silicon nitride (Si3N4), for example. Moreover, 
the head of the discharge part material 32 is carrying out 50-200 (micrometer) extent projection 
from the end face of an insulating substrate, for example so that the electric field in the point 
may be strengthened. On the other hand, the electrode 31 for regurgitation has the structure 
where it was connoted in the coat member 4. As shown in drawing 6 , one coat member 4 has 
connoted every one electrode 31 for regurgitation belonging to the adjoining ink regurgitation eel 

3. That is, between the adjoining ink regurgitation eels 3 has structure filled up with the coat 
member 4. The field strength for the point of the electrode 31 for regurgitation is comparable as 
a part for about 1-2 (MV/m) and the point of the discharge part material 32. Therefore, when ink 
6 is filled around the electrode 31 for regurgitation, there is a possibility that ink 6 may breathe 
out, from a part for the point of the electrode 31 for regurgitation. Then, it has prevented ink 6 
permeating by filling up the perimeter of the electrode 31 for regurgitation with the coat member 

4. Moreover, in drawing 6 , the counterelectrode 2 is formed in the location distant from the head 
of said discharge part material 32 1 (mm) grade along with the longitudinal direction of the 
discharge part material 32, and the record medium 5 is placed on said counterelectrode 2. Bias 
voltage-Vacc fixed to said counterelectrode 2 The power source 10 for drop acceleration for 
impressing is connected. Moreover, between said recording heads 1 and said counterelectrodes 
2, the grid electrode 7 which has two or more slits 71 is arranged. The slit 71 is formed so that it 
may correspond to 1 to 1 by the array pitch same on said grid electrode 7 as the ink 
regurgitation eel 3. Said grid electrode 7 is the metal plate of the thickness of 50-100 
(micrometer), it is held by the supporter material which is not specified all over drawing with said 
recording head 1, and the distance of Hazama of said recording head 1 and said grid electrode 7 
is kept constant. Said slit 71 is formed in said grid electrode 7 by approaches, such as an 
electron discharge method and etching. Or with electrocasting (electroforming), by the approach 
of forming a slit 71, there is no overhanging (mustache by etching) in the part of the edge of a 
hole, and it becomes processible [ a higher precision ]. 

[0019] The description of this example Between the electrodes 31 for regurgitation of a couple, 
and these electrodes 31 for regurgitation In the configuration which inserted the grid electrode 7 
between the ink jet method recording head 1 which arranged the ink regurgitation eel 3 which 
consisted of discharge part material 32 of the inserted dielectric at the predetermined spacing 
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on the insulating substrate in the main scanning direction, and the counterelectrode 2 to which 
negative bias voltage was impressed It is bias voltage VB to the condition that said grid 
electrode 7 was grounded (0V), and said electrode 31 for regurgitation. It is in having had the 
switching means 21 changed by Hazama in the condition of connecting with the bias power 
supply 8 for impressing. Hereafter, the printing actuation at the time of using said switching 
means 21 is explained. Drawing 7 is drawing having shown the condition of the applied voltage to 
the electrode 31 for regurgitation and the grid electrode 7 accompanying the passage of time. 
Here, the data about one ink regurgitation eel 3 in a recording head 1 are illustrated as the 
applied voltage to the electrode 31 for regurgitation. In the electrode 31 for regurgitation, it also 
sets not only at a printing period but at an idle period, and is always bias voltage Vb by bias 
power supply 8. It is impressed. Pulse-voltage **** in which Pulse Density Modulation was 
carried out to said electrode 31 for regurgitation by the pulse power source 9 in each printing 
location when it entered at the printing period It is superimposed. On the other hand, in a waiting 
period or an idle period, it connects with the grid electrode 7 with bias power supply 8 with the 
switching means 21, and is bias voltage Vb. It is impressed. And when a recording head 1 starts 
printing actuation, it is pulse-voltage **** to the electrode 31 for regurgitation. The grid 
electrode 7 will be early grounded by only regurgitation preparation period fixed in front with the 
switching means 21 rather than it begins to be superimposed (0V). Drawing 8 is drawing showing 
the situation of change of the potential from discharge part material 32 heads in the ink 
regurgitation eel 3 in the configuration shown in dra wing 6 to a counterelectrode 2. Setting in the 
graph which shows change of the potential to a location x, a continuous line expresses the 
potential at the time of printing actuation, and the alternate long and short dash line expresses 
the potential in an idle period. It is pulse-voltage **** by changing into the condition of having 
grounded the grid electrode 7 as well as the 1st example during printing actuation (0V). And bias 
voltage Vb It can low-battery-ize. Moreover, the grid electrode 7 grounded (0V) and negative 
bias voltage-Vacc When electric field occur between the impressed counterelectrodes 2, also 
while the drop of ink 6 flies between said grid electrodes 7 and said counterelectrodes 2, in 
response to accelerated motion, a flight property becomes [ the drop of ink 6 ] stability by 
electric field. On the other hand, if a waiting period and 1-page printing are completed and it 
enters at an idle period, the grid electrode 7 is connected with as common bias power supply 8 
as the electrode 31 for regurgitation by the switching means 21, and it is bias voltage Vb. It is 
impressed. Consequently, the potential near the core of a slit 71 is Vb. It is almost the same or 
Vb.-ten number (V) It becomes low extent. So, since an electric potential gradient stops almost 
existing between the discharge part material 32 and the grid electrode 7 in relaxation time as 
shown in drawing 8 , the electric field at discharge part material 32 heads become equal to about 
0. Therefore, even when disturbance etc. works, it is lost that ink 6 is breathed out from 
discharge part material 32 heads in a waiting period or an idle period. Furthermore, since the 
electric field around the discharge part material 32 also become equal to about 0, the 
electrostatic repulsion between coloring-material particles becomes strong rather than the force 
of making the coloring-material particle in ink 6 condensing at the head of the discharge part 
material 32. Therefore, since a coloring-material particle distributes in ink 6, the incidence rate 
of fixing of the coloring-material particle to discharge part material 32 points becomes very low. 
By the way, when starting printing actuation from a waiting period or an idle period, it changes 
into the condition of having grounded the grid electrode 7 again with the switching means 21 
(0V). In order to print a dot with image concentration sufficient on a record medium 5 at this 
time, it is necessary to change a coloring-material particle into the condition of having made it 
condensing at the discharge part material 32 heads. However, shifting to the condition of having 
been condensed from the condition that the coloring-material particle was distributed takes time 
amount. Then, when only fixed time amount brings forward the timing changed to the condition of 
having grounded the grid electrode 7 as shown in drawing 7 (0V) from initiation of printing 
actuation, electric field generate discharge part material 32 heads and the perimeter of those 
from before printing actuation initiation. Since it can shift to the condition that the coloring- 
material particle was condensed at the head of the discharge part material 32 between this 
regurgitation preparation period, the dot which has sufficient image concentration from the first 
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printing can be formed on a record medium 5. 

[0020] In addition, the ink jet method recording head 1 in connection with this example can be 
used for the printer equipment of the example of a configuration shown in drawing 5 . It is sent 
to the transverse plane of a recording head 1 according to the carriage which a record medium 5 
does not specify all over drawing on a counterelectrode 2, and the ink 6 breathed out from said 
recording head 1 is printed. As mentioned above, the pulse power source 9 used in order to 
make the common bias power supply 8 and the ink 6 for assisting the regurgitation of ink 6, 
respectively breathe out is connected to the electrode 31 for regurgitation of the couple in said 
two or more ink regurgitation eels 3. When printing on a record medium 5 in this invention, a 
printing signal is given to said pulse power source 9 linked to said ink regurgitation eel 3 
applicable to the location of the dot which should be printed in one line from the actuation 
circuit 1 1. Consequently, said ink 6 in which the coloring-material particle simultaneously 
charged independently from discharge part material 32 heads in said ink regurgitation eel 3 linked 
to said all pulse power sources 9 to which the printing signal was given was condensed is 
breathed out, and it is printed on a record medium 5. 

[0021] As mentioned above, by this example, while being able to attain low-battery-ization of not 
only a pulse power source but bias power supply, the stability of the flight property of the drop 
of the ink 6 between the grid electrode 7 and a counterelectrode 2 can be improved. Moreover, 
since it is lost that ink is breathed out by disturbance etc. in an idle period, malfunction of 
printing can be prevented. Nonconformities, such as destabilization of an ink regurgitation 
property and blinding, stop being able to happen easily by controlling the incidence rate of fixing 
of the coloring-material particle to the head of the discharge part material 32 of a during [ an 
idle period ] with it. Furthermore, a dot with sufficient image concentration can be formed from 
the first printing by shifting to the condition of having established the regurgitation preparation 
period and having condensed the coloring-material particle in ink 6 before the time of initiation of 
1-page printing actuation, and a high-definition image without concentration unevenness can be 
printed. 

[0022] Next, the 3rd example in this invention is explained. Drawing 9 is the plan showing the 
basic structure of the recording device using the 3rd ink jet method recording head 1 in 
connection with an example and said ink jet method recording head 1. In this example, since it is 
the same configuration as the 2nd example except the structure of the ink jet method recording 
head 1, the explanation of those other than the structure of the ink jet method recording head 1 
is omitted. Said ink jet method recording head 1 has the composition of having kept spacing of 
250 (micrometer) and having arranged the electrode 20 for ink regurgitation in juxtaposition in 
the main scanning direction of printing on an insulating substrate (it does not show clearly all 
over drawing). The conductor covered with the insulating thin film in the conductor or the front 
face is used for said electrode 20 for ink regurgitation. Said electrode 20 for ink regurgitation has 
the width of face of 100 (micrometer), for example, is divided by the septum member 26 of the 
width of face of 100 (micrometer). An opening is formed in the space of said septum member 26 
which is perpendicularly high and adjoins each other at space rather than said electrode 20 for 
ink regurgitation, and, as for said septum member 26, this opening serves as ink passage. This ink 
passage sucks up the ink 6 supplied by capillarity in the recording head 1 in the direction of a 
head of the electrode 20 for ink regurgitation, and said ink 6 always wets the head of said 
electrode 20 for ink regurgitation. Moreover, the head of the electrode 20 for ink regurgitation is 
carrying out 50-200 (micrometer) extent projection from the end face of an insulating substrate, 
for example so that the electric field in the point may be strengthened. 

[0023] By the way, the electrode 20 for ink regurgitation is used instead of the ink regurgitation 
eel which consists of this examples in the configuration of the ink jet method recording head 1 
with the discharge part material of a dielectric, and the electrode for regurgitation arranged at 
both the side. In that case, even when impression control of the same electrical potential 
difference as the electrode 31 for regurgitation shown in the electrode 20 for ink regurgitation at 
drawing 7 is carried out, the same electric potential gradient as drawing 8 is acquired. And since 
it is simple compared with the case where the configuration of said recording head is an ink 
regurgitation eel, there are few routing counters in a manufacture process, and they end. 
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[0024] Therefore, while being able to attain low-battery-ization of not only a pulse power source 
but bias power supply by this example, the stability of the flight property of the drop of the ink 6 
between the grid electrode 7 and a counterelectrode 2 can be improved. Furthermore, since the 
routing counter in the manufacture process of an ink jet method recording head is made few, 
improvement in a throughput can be aimed at with reduction of the production cost of said 
recording head. 
[0025] 

[Effect of the Invention] As explained above, while becoming possible [ not only a pulse voltage 
but bias voltage ] to use the cheap high-tension actuation IC for the actuation circuit for pulse- 
voltage control by the ability attaining low-battery-ization according to this invention, a thing 
small at a low price and lightweight can be used for the power source module for bias voltage. 
Consequently, printer equipment small at a low price and lightweight can be offered. Moreover, 
stabilization of the flight condition of the drop of ink 6 can be attained by the configuration which 
impresses negative bias voltage to a counterelectrode 2. Furthermore, possibility that the 
problem of the deterioration and corrosion of a discharge part material front face by the 
chemical reaction with the coloring-material particle in the ink 6 under high electric field will 
arise can be made very low by using a bulk member dielectric for the discharge part of ink 6. 
Consequently, it becomes easy to be able to attain reinforcement of recording head equipment 
and to maintain the ink regurgitation property by which the recording head was stabilized also in 
the activity over a long period of time. 

[0026] According to the 2nd example in connection with this invention, malfunction of printing in 
an idle period can be prevented. With it, the incidence rate of fixing of the coloring-material 
particle to the head of the discharge part material 32 of a during [ an idle period ] can be 
controlled, and nonconformities, such as destabilization of an ink regurgitation property and 
blinding, stop being able to happen easily. Furthermore, a dot with sufficient image concentration 
can be formed from the first printing by establishing a regurgitation preparation period, and a 
high-definition image without concentration unevenness can be printed. 

[0027] According to the 3rd example in connection with this invention, the stress by the electric 
field to the insulating thin film at the head of a discharge part is reduced, and reinforcement can 
be attained even if an ink discharge part is the conductor with which the insulating thin film was 
covered. Moreover, since the routing counter in the manufacture process of an ink jet method 
recording head is made few, improvement in a throughput can be aimed at with reduction of the 
production cost of said recording head. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Dr aw ing 1] Drawing showing the electric potential gradient between the ink jet method recording 
head in connection with the 1st example of this invention, and a counterelectrode. 
[Drawing 2] The perspective view showing the three-dimensional structure of the ink 
regurgitation eel in the plan (a) of the basic structure of the recording apparatus using the ink jet 
method recording head in connection with the 1st example of this invention, and said ink jet 
method recording head (b). 

[Drawing 3] The perspective view showing three-dimensional arrangement of the ink 
regurgitation eel in the ink jet method recording head in connection with the 1st example of this 
invention, and a grid electrode. 

[Drawing 4] Drawing showing the configuration (a) and measurement result (b) of an experimental 
device for measuring the ink regurgitation starting potential at the time of using a grid electrode. 
[Drawing 5] Drawing showing the configuration of the printer using the ink jet method recording 
head in connection with this invention. 

[Drawing 6] The plan of the basic structure of the recording device using the Inkjet method 
recording head in connection with the 2nd example of this invention. 
[Drawing 7] Drawing explaining the change of the condition of applied voltage to the 2nd 
electrode for regurgitation and grid electrode in an example of this invention accompanying the 
passage of time. 

[Dra wing 8] Drawing showing the electric potential gradient between the Inkjet method recording 
head in connection with the 2nd example of this invention, and a counterelectrode. 
[D rawing 9] The plan of the basic structure of the recording device using the ink jet method 
recording head in connection with the 3rd example of this invention. 
[Description of Notations] 

1 — An ink jet method recording head, 2 — A counterelectrode, 3 — Ink regurgitation eel, 4 [ — 
A grid electrode, 8 / — Bias power supply, ] — A coat member, 5 — A record medium, 6 — Ink, 
7 9 [ — Ink tank, ] — A pulse power source, 10 — The power source for drop acceleration, 1 1 - 
- An actuation circuit, 12 13a, 13b — A pump, 14a, 14b — An ink circuit, 15 — Ink installation 
way, 16 [ — Auxiliary member, ] — Supporter material, 17 — An insulating substrate, 18 — An 
insulating thin film member, 19 20 [ — The 2nd source of high tension, 25 / — A needlelike 
electrode, 26 / — A septum member, 27 / — The 2nd bias power supply, 31 / — The electrode 
for regurgitation, 32 / — Discharge part material, 71 / — Slit. ] — The electrode for ink 
regurgitation, 21 — A switching means, 23 — The 1st source of high tension, 24 
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ib -f > * p± map i mmMmmm t <om tarn stiitt/ y 
9FWi**i t «je-f> Ottawa, iifliftr** 

ttffl»t#i, SlrEttWBB«*»ffll'ra»«l»*t<5:, WE 

ttfflap«*^rEKsnfcaais»*i, bjewmwh- 
cert & 3 tis m&nmm* hni£&mmz ti&ntmmm 

[0 0 0 8] ttffi»tt#B«f*©fc*, -Y>^<t 

race t>fcz> mm tfOo^xi) f±mmt9cmomm^tsMrc 50 
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[0 00 9 ] ##693 y U v F»S«, jgH* 

ME«WSR^(DSSK^%«!RTS^>r ??-»**t4C 

[0010] 

[0 0 1 l]S5(t *aWCCBBt>-B-f>^^*?» F* 
^IBIi^ » F 1 *m^tc7 U > o<D«j&W**S0 

rii*. *«W{cMfe4^y>*r*6fflSh4-Y>^6 
^>^6>&w>^^>^ 1 2^6«i&ffl^>7*i 

3a6C«fci3»5l3n, -Y > 1 4 a ^ilDTfyffi 
E«K* FHC«J^3h5 0 M&A>t>6UmMAZ<>t> 
«aSBl 4 aiiai^^ F 1 £©lffl<D-f >*2*AB81 5 
tlDtlfEE^? F 1 &c«i|&3ft, |WEE»^? F 

? F^EfS-^ F 1 Sc&S-Y >^ttttl^3^P?©i 
jfiSE*|fi| (0*<D£:EPA#[pJ) fca0»Jfc— JEOEWt: * 
*^WKEW3 ftri> *. <DAls dUfctffi-feJl/ 3 fcti 
fflSiJ<D^Vl/*«jIB9 i*ii©^^T^«iB8 3&sSsR3*i 
tl^o «EA;^«»9^ttlBttia»l 

offlffljfi#j&s£tt3 nr *$ d , ^yt;^>t s a-^ 
as 9 ^Mmmn&i&iLoxmm 3 n s c <t oc j; 9, mib 

otl^ c WE^* WK 9 6 WEtfEPftl 5 ftfcflWB 
-Y > ^n±tm^U 3^6 WfcAZsZ ttffl-fe^ 3 cojfeiS 

&• *ois*, WE^«*2±oEfi^#5^e»m 

T^rat, H*^IB^L/r^&^J^aM(lCcJ:f3E»j« 
#5 36«jt«#rtXia*©»£PB*W) CcEn^«?«tt© 

mmvmm 3 n -r k -f > ^ p±ai ^ ^ 3 cojfe«»{c»-> /c 

aB*>6E«^v Fl©II^ii*8n«, WEBft^? 
Fl©SI^»nfcY>^6«, H*K:W5*L«r<rW> 
^2»aB^6EIflXfflsP>^l 3 bCCjcORSISft-TYV 
f«iBB 1 4 b ^iSfeftiitfo KTE-f >^fli3SK 1 4 b 
*»tiSWEY>f 6(t ftjf B A 1st? $ Is 9 1 2 JCM 3 
ftTSCttlWclOTSft*. ±aL/c^HH«lfeCD^CD 



5 

atefctt, (Y) ( Wis* (M) , e>T> 

(o (k) os^>^^En^-r^>/c&oisia 

[ 0 0 1 2 ] H 2 ( a ) tt, * 1 <D*JW*fc»b* ^ > 
T^fBM^ » F 1 *Jcfc CrtWB-f >^*?F 

**e»^» f i zm^tamt&%:<D&$m3&zm?± 

IIt*^ 0 WE-/;/^** bJ&iSS»^v F It*. 
112 (a) fcSVT <£*>CC>f >*ttffite;W3*W*.«2 5 
0 (/im) ©IBBI*«C*rHI^©^***lftCCMWica6 
^fcl»Sfctt-*T(r>*. 13 2 (b) «»1<D38»«CC|« 
*>Sl!5rE^>^* * F#:Sfi*^? F 1 ocfJCD— ood 

>r>^p±taHr^3<D«4ffiiar*ao WE^>*tttti-feji> 
3 ttttaauw 3 2 iwriBttawtt 3 2 ltmb 

teEB3ftfcttffifli«*3 1 it»fiStit^5o WE 

vifommms 1 <t«riEittuisw*3 2 £ ©rate raw*. « 2 

5*Ufc-Y:>*«Bt81 4a*ICtE^f FlWc« 
»&3tifc^>^6tlttai»«3 2©jfc«#faK:»l>±W r 
ffE>f >^6^milBtttHgPW3 2©jfc»*?irK:ffl&6 

mmmt 1 8 k ± d »^3 n/c 1 ftcD*e»ttss 1 7 ± 
KSMtsftri**. fyie«^tt**i 7 tf*/5 

«r»ift»tt»«aw* 1 8 
y^s Ftt£©WBWit*»c>Ti>a. ccr, MX. a 
#5*©J:$fcJ:l*«*©iWr> <e. =7-1 0«K) 
«S4«it«!tfi-f 5 F©<k5fcJ:H*«#©fit>(£. 
= 3.4gK) »ilr*fflW-&ciK:<fcO. «*3*ifc 
«W©^>^*ttfflT6l»«:iltltt«W*3 2©jBBfc*W 

ttffl*tt3 2B, h*aae»^» f iom 

isxsfcfei^-ciiittww i 9±&csa«s*ia. we^bis 

aw 3 2 ©*«r t * fcswtttw-e * n , m iewwhw 

0>U «A«H{fcVU3> (S i 3 N 4 ) Oi^&dlliW 
»tffli^rfeAi>. Sfc, iita*W3 2<Djfe««*(D* 
W &«ff*ttib& <t 9 Cc«Wffl»»ttai« 1 7 (D 
«ffl*6«A«5 0^2 0 0 (urn) gg^fcHLTO 
3„ ftidf. ttfflffl«*3 10MBIW4O*fcrttt3ti 
/cfBc^otl^o B2 (a) fC^TJ:5JC, — ^© 

J:* 1-2 (MV/m) i s ti:Wa^32©jaSHB»i 
Hfiarc*S a *©fcafr % >f>*6#ttffiJH««3 1© 
JHffl5Cj«fc3tirCi*ittfflS«*3 l©jfe«BU^^e> 
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«S3 io«H%»«sp»4-c^a"rac<L&cj:o-r> 

*6**«»*4©*BH>rC>*. £/cl32 (a) 
X, n±ffl«»3 2(DS^r^«:?&orWIBti:ffl8B»3 2 
©5teJB»> 6m « 1 (ran) aK«tlfcffiiBCC»r6l«« 2 
6 tir *$ 9 , ftyfB*tf^« 2 ©±0C«E»«# 5 

j&s»Mrt:i>5. WE*tft*S2 {cBSBfi-raaSKj: 

afflwsi o^«snti^ 0 ssfc, «tee«^? f 
io i <hWE*ffamffi2 <h©nfcttBGK©* y * f 7 1 ** 

T-S^y * F«S7**ER3*vr*5*K WE^y * FH 

*7i*»*(ov) 3nr^s 0 H3«yy»F«i7 

tnm^y F 1 i©EaW«*^L/fc*H»Hr*4. * 
y ? F7 1 BWE^y » F«ffi7±tc-Y>^ttW-fe;l/3 
iRIDEJafcrv^T 1 SPti ccjtfi£-raj:5cc»w6hr 
l>£ 0 ttE^y * F**7««*.tf5 0-1 0 0 (u 
m) (DJ¥3CD^)S«r*D, «TEE»^^ F 1 iifcCC 
5f*»*t 1 6«:J:Dfiy*3fir, WEEft^v F 1 tm 
E^y F««7i©IHOiSi3&i— jetc«A:nrc*4. 
20 fJlBX y ^ F 7 1 BBc«JDX^x * * > ^ ft £<D?jmc 

jctJidE^y* F««7cc^sn*. 
swwtti&a. H5«c*j^r, »rei««2 0±tc»iE« 

F 1 OIEffl5cai6#iT*r. fIHIE»^^ F 1 *»6Rtffi 

E^>^ttffl*^3rt<Dl.StfOttltJffl«S3 l«Ctt. * 
30 hf ft^f 6 (Dtt(B*iSlt 5fc«)OftI^W7^ 

««R 9 «SStt 3 nri^o K*5 t^IB»i# 5 ± 

tCEP^T ^> £ # , l7>f >t£rEP^r^£ F » F (DiiLS 

ttcmm-? sane > ^&±w^ 3 jcjga l r ^asna^ 

;l/X«B9CcKI«ai»l l*6Eir?sfl-W*A6ti*. 

^©*s», EiJ^«#3W#*.6nfc^r(D»E^^^«w 
9 scmm isx^&m&j > ^p±ffi^;b 3 rtottasBW 3 
2 6 mmcmtL itsu teaswa^ 3 ti 

fc«fE^>^e#ttm3tl, E»«Wt5±CcE|r?3ti 

40 

Fi*©^^Tx«E*Eian3tifc»rtimi©iB6c 
SJ* (ov) shfcyy^ F«i*»Abfc«fiScc*jc» 
»E-f>^^*9 h*aaa»^^ Fs&s 1 wortffiffl 

sim<trt»^3nfc^>^Rta^^**^tt©s«±&c 

50 ^ F«a*iE»UT»ift«^©E«MtitK:SiIji-r*a 



(5) 
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? <o 4 > t> 6 cDMcD^cD^tt^«J# r * a c £ k: 
[ 0 0 1 4 ] H4 ( a ) tt^y * F«S*flJl*fc»£© 

y&tsm^ * f i <Dftm ttx, i ^(Dmtmm 2 5 £ 10 

ffl^/Co ttttWS2 5«J*S4 6 0 (mid) , rtS2 5 
0 Urn) ©RfBWttfc&oTteO, -Y>^6B>(># 

*/c, 2 5 CC»H 1 ©7KltE«2 

TT 9 , ^ > ^ 6 4 BU iEWttKtt 2 5 OJfe** 6 n±ffl 5 

7CCB»2©l»«E«2 4 3WS8»Snr*J0, ^>^6 

ottffl*Sf s&c-r s^feoitEv g r 1 d wean 3 ft s„ c 

£)||]treB, H 1 OWWEE* 2 3 j&>&#H*««2 5 ^<D 
BfflH«E*0 (V) *6»*fctf<3*T, ifgffii (0 20 
V) 3tifcjEtW««2±©E««»5«:-Y>^6«:J:4 
F ? Yifitef&Zt^totcnoM 1 3cDEPft|] 

mmmzj>?u±mmttimBv^tL?c 0 com, Mix 

WM2 5 t y»J ^ F««7©HI<DKl!tD QPld . * F 

m®7^(DEnflnmEv tir1d , *w;9h7iosw 

gMd 0 3 , o<Z)>'^^-^4^fb$'ti:/c^^o^r, * 
n^n^^^ttfflWJtftWEEV.itJHJEUfc. H4 (b) 
tt^y ? FWi7K:|i!|to4±i6©^y-^*SEifcSl* 
fci»£<£> ^ > £ ttfflW&WE V e 1 <DWJB»** * V v F 

'J^7 1 C0SW qPi n-ttl 9 0 0 (/2m) i60 
OCMm^TiS. » K**7^tDEfflJD 

MEV qrid 40 (V) , 40 0 (V) , 9 0 0 (V) frC 

tc, #5 7 (Dtp? I .4(kV) ^ifi©*¥«i«yy» f 

«& 7 #ft 1>*§1^<D -Y > # ttffiHSteWBDffi** l> 
So H4 (b) (Df^yfrhlfV v F«ffi-tta^fflffi 

&*c 4 S6cc, v K«S7^©Eiwmt 40 

Ev lfH #*<asKLfc^r, -r>^ttasBi&wi 
v i1 ws<4sciws. cn^tDm, yy» 

dw*sa*>afc«&cc#f««*2 5 j6*<D«ffi«E-r&to 
^^Kfsnsfcfer*^,, ^ur, 1+1*11*12 5 
4 ^ y v f m* 7 4 » w#<z>e«3Wttc > « £ an < sjip u 

Hfljn«EV qrl d* J <SC^ *t«**2 5jt4B©«IW* 
&6ft£/c&$t, fi^«ETt>-/>^*ittfflL/*&«>*C 50 
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i^ltW, S/c, X y * F 7 1 ®ffW, r1- #9 0 
0(//m) COm^ (•) i6 0 0 (um) 
ft) %tt«T-St, ^9 Fmffi7^CDEn»P*EV qM d 
©C^fttDffi&Cte^Tfc. W qr1d - 6 0 0 (^m)©» 
^(l£fl)(DWW flr1 d= 9 0 0 (Mm)OiS^ 
(•) cfcO fc^V^ttffiBttBEV^sWS^Ci^* 
£ 0 CftB, *y 9 F7 l©SW, rld W3<&SCi 
JCJ: 0 ^ y s» F««7 ilfKli2 5 5^ffi4<&ffi*NE 

* a ttma5^*«*sw^cffl 1 »r 1 * a a > # a± 

S 0 LfcASot, *^SS«(CteC^ria2 (a)CDJ:^^ 
y>J ? Kl*7 t«* (0 V) tiCifciO, 
6 1 ttffl S *4 fc2&CC > ^ttffl^ 3 F^CDttWffimS 
3 ncEnftl"r5«EB*yJ:*8 0 0-9 0 0 (V) 

(a) CC*5^S^ 4 ;l,^^®9 4^!|^C^^^miiV D = 

200 (v> ?mm?&m&, JUTzmmswur 

zni£*V» - 6 0 0-7 0 0 (V) it^Ci^rt 

±<Dh<D setter >bM - SSrab^ii^W^^So 

[0 0 15] iC6t?3*lS)«8 2«r*» (0V) U/c« 

yy^F««7fc*te«* (ov) fat, yy 
^ F«S7 i3tlSl*S2 i<oratcB«w*si?aoa< 
So ^n^>^, -f>^e©iWBttyy * F««7*iKi 
Lfca, »i^««2±oEB«#5K:sijai'r«*r©fBi 
& c t % & 0 ^>^6 cDjKn«wttaib 

n±MK)i3&bmiMm?mmmcu±mftzm£&& 

^>^«i©IBI»Wllf*orO*9. *Ott*, -Y>^ 

ttffl^3i Stf !SlW«<DiB«J&sJE < ft S K h tci$ o r . 
»£*SW*#W< ft So *Ct?, H2 (a) &C^f cfc 

^ v 2 Kfi©^ -f r * «ff *JEnfti s n s «t 9 
(c^amaffisff 1 0 zmmrz* m 1 b±»u/c«js 
tcfe w S -Y > ^ ttffl -fe ;u 3 ©tttfrtW* 3 2 5feia^ 6 M 
i^5««2*r©«ti©*fto^*^iar*s. 
AHKMKiR 1 OSCcfc^T^y v F««7 4»WI*«2<D 

3 2 4^y 5P F«S7 4©g68t£ 1 0 0 (/zm) , ^y 
F«ffi7<D«3«r 10 0 (urn) 4TS4, ^y v F 
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nm7 ttt&imm2 commas o o (Mm) t&a© 

r, ^*S2CceptoSh4«ffi-v.„ 

0 (v) ftEpftrr**:* m?fi 

*7i»lSl«S2©IH(D«»09ft3»l 0 0 (kV/ 

©■wtitftmc^r^*. ^ >^ 6 <Dittms8^«a*tt»K 

> * 6 ipoeiBtt* i ©ffc^ElSfc J: *tttfitttt*H<Z) 

o^;i/^«ff©*ft sr^-fr ^itE*>ft«£Efb*siati 

^a»«l«#*fflC4 4 c £ fc J: 0 ffit#Tt©-(> * 6 
*<0«Wfi^ t ©f fc*EE«: J: 4 ttfflW*3iffi<DS«r*> 

TS*. K*^ v FffcBoaJWMbPBM-i 

•y > ^ ttffl#tt^«^r ^ci ffinm 5c ft ^ o 

[0018] *«MiC*jW4*2©**k«CC^C» 
TBWJTS. H8ttSl2©*BI««:BBto-&-f 

ustsmmk* f i 4o<fc^uta>r>^^x * F*sse» 

ffi^3mS2 5 0 (Mm) ©mW*B^T*ftl*te 

ccit^/cflifltic ^ori^ 0 uraa -y > ^ttta-fe^ 3 «tt 

a8M*3 2 i|WBttfflaWt3 2***CCL/THIISCCiBB 
«ffi3 1 £liJSattffl«»3 2 £©HCC«0|jL«2 0 ( m 

m) <Dmm&fcf&2tLZteK), c<Dmmu>?m%t 

ft £ . cco-f > ^SSBii^*ffl«3S*Cc <fc 0 IBIi^ v F 1 

rt«:«#&3nfc-r>^e*tta»»3 2<ojHfcfris«c« 
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fttt»r*o, m«*y-/3 Fft^o*«*#f4*«i> 

T&H^U «Atf»t^y3> (S i 3 N 4 ) (DJ:5ft 

iitm*fflc>tt)m>. ttaaw3 2©*Htt 

i»6?ijitf5 0-2 0 0 (Mm) HJK^ffiL<TC> 

ai-fe ^ 3 n#W90ttt 4 t as» s titcffimsc ft ^ -c i > 

1-2 (MV/m) i, tta»»3 2<DjaB8P»tRIS 

W3 2©***^»oTW§Bttta»«3 2©5fcS*»6 
20 m«l (rrm) ga»nfcti:BtC»l^««2*J»»6tl 

r feO , mriB^-^mffi 2 o±cc«iBmK» 5 tiW&tix 

m E*f Ift «« 2 « — 5£ © T ^ *E - V . e c 
4EPJjPT4/c^cD^?iSttl3fflm?i§l OsMHdSfiW 
4. */c. flWBKIfr^? F 1 imifB*t^mffi2 iOHCc 

««»©^ y v f 7 i swrsy y » f«*7^eks 
ntt^o ^y ^ F7 lttiwa^y ^ f««7±«:-/> 

tc»»6tir^4o ttiayy^ f«S7««a«5 0~ 

10 0 (Mm) ©JSSO^Kfi-rftO. WiBSB»^y F 
30 1 4ifc«:H*fci!*l/tt^3W*«KJ:i)«*3ti 
miiafB^^ F 1 iWIB^y v F«ffi7 iCDffflOffi 

fficc«fehr MtBx y * f 7 l «S(m»DX 
*x » ^> ^ft £©JW6«:J: OWK^ y » F«ff7CC^ 

cc^oT^y^ F7 i *»jfltr«*j£rtt, ?l©x^ 

ft<, j;o»^fsacDjjnx^pit6tft4o 

[0019] *3IJiM©#®«, — »Ottfflffl*S3 1 

ttnhmimmmmz i©mcc!**fttewt»©iitHi 

40 g|5«3 2 ir««Sn/fc^>^ttffi^Jl/3**B»tt©a 

F^SSB^^ F 1 r^«E*BBlD3tifc» 
I«0»K2©|BIK:yy » F*ffi7%JfAU/c«^C*j^ 

ttfia^y* f««7*«* (ov> ztitctxntm 

•r& 0 H7tt, «FlB©3KilCc#9«:fflffl««3 lte<fc^ 
50 yy ^ F*«7^oEpap*ffi©«»**L/tig'r*4o 
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ccx\ ittaiMi3 i^omumKtmm^v f i 

EV b tfEPMStiT^S. EP^RilfDCC AS 4 , IWBttffi 
ffl«S3 l fcB'W*WR9«:J: OftEP^ffiWcfc^T 
^•;l/^«SEWSti/c^^;l/^«£V p ^ll^ti^o fife 

t^vrxiEv, tiffin s n So -eur, kskvF io 

BflM (OV) SftfcttftKttS. 08OT6^Uc 

Atfisccte^ 4 -r > ^ttffl"fe^ 3 rtottwautt 3 2 sbs** 
im.xKj$*zw&<D&ik*w*#5 7Kto*i*-c* sen 

BEimttflWcfctf S«tS**U -^JftBttiUWfffl 

»icr>*jfc«irai;< ? f«*7*«» <ov> l 20 

toR«frc-f 4 c 4 cc 0 ^;t/*«EEV P fcJ;^>f7^ 

HEv b *««ffifbT*c4*Jr**. *fc. »»(o 
v) jn/c^'j FH7 it^vrxiE-v„ cc 
3 nfc» ftm* 2 (DiJcif^Mt ^ c 4 &c j: 
•3 , -y > ^ 6 <Dttn^friB y v v f«* 7 4 fuiBStrsis 
s 2 4 <z>ra *mm? £ m t -f > * e ® ata* £ 0 

WMll* 1 ^-^OEP^»7L/rf*jUBB|{CA*4, 

mm3 1 4«a(o^>f rowans tmmztix* 30 
^rnjiv, ^EPftjsns. ^coigm, xy* h7 icd* 
it^fiso«fi[B, v b tmmcD\ *4c^», v b ± 

5»1 0 (V) (St^aKfcft*. *h«>*., H8«ci5RT 
J:^JCf*±^cfcl>T«ttaj§PW3 2 4^y * F*S7 
4©IHK:B*ffi«IB^«4^£?¥^E0tt< ftSOt, tt 
maw 3 2*»O«||lBiattf0K:*L< ft*. L/c^ 0 

TftttiSBW 3 2 jfeJBfr 6 4 > * 6 ^p±m $ n £ C 4 # & 
<ftS B ^(c. ttffl»«32OJHH©«l|tfe«B0K: 

< &4<Dr, ^ >^ 6 *COfe^ie^0±ag(5M3 2 40 

tier £<Z>r , ttfflBBW 3 2 5feJS8P^©^fft7-(Dffl#© 
#tt*W*«>Tft<ttft. iC^t, fWittWfctXB 
«±«IB*6EimftffCcA*«F«:tt^ ^ ^ *>^£I22 
ItCirjtyy v F««7*WM8flt (0V) OfctflK 

F9 h*Ep^"r-5fc«>ccB, ejwttT-*tta«sw3 2jt 
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ttB$m*J*>#»5. ^Ct, H7Cc^TJ:5Ccyy ^ F« 
S87 48»(0V) L/fc«JBK:WD»*S*-Y 
En^ft^OBH*&^6--5EO^|ffl^W^fe* C 4CC<£ 0 , 
EP^ttfPBB*6«r*6«:ffl»W3 2 5aH4*0«HCC«W 
COttffl«fl^KOIffltcittfflSP«3 2© 

sb»»k 5 ±jc jgflE-r s c 4 #-e s a . 

asBflK * f i bh 5 cc5%-ii»j«w©^ y > **wc JB 

l>£ Cim *fffl*ffi2 ©±CCBK»*W* 5 3^19 
WcWmLtj:\,>m£Qmmc<i:-DXzm^v F 1 <DIEffl 

ttH2;P3rt©— *f©tttBfla«S3 hcb, ^n-en^> 

^ 6 ©ttffl*^«;T*fc«?>0*a©^Vr ^118 4 -r 

ttShrci*. *^Bgtc*5t^riB»«ft5±(cEn^*TS 
4#, 1 ^^>*^EIW^*F^ FOffiBCctt^-r* 

WiB^>^p±w^u3tc^urc^wriB^xm^9 
(cRwaKi i ^6En^ft^^5n^o 
En^fi-^^-^A 6 nfc^r ©«rsB^^;u^ftw 9 ^c^m l 
rt^Mia>r>^ttm*fe^3rt(DP±ww3 2 
RiK&cafiLr««L/fcfem^?*»sn/cSfSB>r > 

^8 3WttfflSti, K«i»5±«:EP?:Sn4. 
[0 02 1] «_L J: 0 , ^Jl/^WU*:»r 

F««7 4»f^]^ffi2 4C0|fflCC*jW4^>^6CD«aCD 

EP^tOBWrffitESiTSCi^r**. ^^4 4^> 
H#©»^*«r«lWr*C4CCj:i3, -Y>^P±W#ttCD 

H#J: D i>Mtcj 6 +©®Wtt^*«W0^tt»K:* 
tfT4C4r, «t330EP^*56+»ttIiii««S*SFoF 
vFt»J«T*, »fftf6©&l*J«iHifl[a:IB«*E|3^r 

[0022] *{c, ^awcctews^s^janwccoc* 

t»WtS. H9B. #3 0HJS«CcMtoS-f>^^* 
5» HKBI^f F 1 4UIB'Y>^> J ^ ^ F^tB»^ 
v F 1 t«l^BIHBI©W^t^±mHr* 

-So *siJi«rB, -r>^^x h^tBia^^ f 1 cd 

^«^B»2©^««4igi;l(ISEr*acr)T, 

*y*»F ^s;fBi^^ » f 1 omt^ommtrnvtr 

^ e OTE^>f^*v F*SK«^» FIB, -Y>^tt 
Hiffi«ffi2 0*«^.B2 5 0 (urn) ©IBHI*«l»r|S 



(8) 

13 

MlOO (um) ©S^WL-TteD, 0 0 

(urn) CDH©PBe»tt2 6tC<fc^f±^J6nri>a o w 
SBHHiSBt* 2 6 ttfflrSB^ > ^ttfflfflHS2 0 <fc 0 hfflM 

immfift cc w < a o r o s » o ^ m kwssm* 2 

ttez> 0 co^y^mmtmmmm^^^^m^y f 
1 ft &c«*a $n/c^>^6^^> ^ttfflffl«* 2 0 0% 

«S2 0©5fe»«r*5C»6"i*J:5«:a:- 3 ri»S. S/c, 

*»*4J:9fc*B«ttO»«©»B*6«*«5 0-2 
0 0 (Mm) g®l(HltC^ B 
[0 02 3] iC^t$^ftit^ 4>ZV>*-*jVfi 

commcmm s n^tttti^m® £ "e«SES n 4 > * tt 

ttH2;KDKt>9«:Y>^ttWfla«S2 O^ffluwS, 

s 3 1 1 m cnKvmmmm* u fcJSi^r t , h 8 i p 20 

[0 0 2 4] Uc^ot *HJf6Wc<i:0^^^mag/c 
y» F«*7i*tW«*2 i©IH«:*i»4-Y>^6iO* 

F©[pJ±*ia£C£#"C*£o 30 

[0 0 2 5] 

^©*£S> ffi««r/J^[-e» 
©^y>*iBB*SI«r*4. *fc. *ff6l«SB2tcMCD 
^^TXlE^EPW^fffiaO, ^>*6©*tt© 

#TT?© >f > £ 6 *©eJWttiP4 0Mt*HlSfc J: ittffl 
[0 02 6] *»WCcHt>S»2<D30ll«fC«feti«, f* 



^2 0 0 0- 2 5 5 0 6 6 
14 

[0 0 2 7] *»WCCBI*>4»3(0ll*«(Cj:ti« 4 tt 

&tx;W*:7'y F©i5j_h40£>C 
[HfflOflMt&IHin 

HI] 1 CDj«li««cBB*>«-Y>^P* ? F 

[12] *IW©»l©*«WK:|IBfe4-<>^^*v F 
#5SBI*^* F«:«t^lB««BOS*«Ji©±nH 

(a) feiCXKTK-f h^SKS^* FrtO-f 

>^ttfflH2;poa#wa«a*^-r»aia (b) 0 
[13] *m}omiommmicmt>z>'{>2i;** h 

*StlB»^^ Frt©-T>f ttffl-fe^i^y » F«ffi©St 

&%Mm?zitto<Dmmm<Dnm(a) £mmm 

(b) *^-ria. 

[05] *«HB«:BB*>4-f>^^*9 F*aiB«^? F 

?° y > £©tt js^tm 

[16] *IW©«2(D*it«K:Wfe*-/>^^*» F 
#3CE»^» F*ffit>fciB«l««©*^S©±ffll8. 

tH7i #»wcD#2©^*wc*jwa, B#rao[)sa^ 

[18] *»K©*2®SW«K|«to*-<>^^*» F 

[19] *^(D»3©J|*««:Mfe-&^>^^x? F 
^SiB^^ F4ffll^ciElS«KcDS*«jS<D±aio 

1 ->f>^i/* ^ F#SK<IK5> F\ 2-*f|Rl«ffi. 3 

^>^, 7-yy»Ffis, 0-^ 
l o-*W»affl*«, ll-IBABB. i 
2->f>^^>^, 13a, 13b-#>^ 14a, 

samv n-»ittiE 1 8-ianttaE0iB»t. i 

9 2 0-^>Mffiffllft, 2 1-X-f* 

2 3-*10WIEI, 2 4-!2©li 
IE», 2 5-ifflIE 2 6-HSgPtt, 2 7-92© 

A^rxm 3 i -niffiffiii, 3 2-piw, 7 
i-xy v F 0 
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